Introduction
Pycnodysostosis (PDO) is a rare autosomal recessive lysosomal storage disease of the bone caused by a mutation in a gene mapped to chromosome 1q21 that codes for the enzyme cathepsin K (CTSK). Pycnodysostosis (Greek: pycnos = dense; dys = defective; osteon = bone) was first coined in 1962 by Maroteaux and Lamy [1] , although the first case fitting the description may have been reported as early as 1923 [2] . Patients with PDO have short stature, increased bone density and are prone to fractures [1] [2] [3] . They usually have macrocephaly with frontal and parietal bossing, an open anterior fontanelle and patent cranial sutures, an obtuse mandibular angle, prominent eyes with bluish sclerae, craniofacial dysplasia and irregular dentition [1, 3] . Other features include broad hands and feet with dystrophic nails along with clavicular dysplasia and trunk deformities such as kyphosis, scoliosis, increased lumbar lordosis along with and a narrow chest [3] .
We present two patients with pycnodysostosis who presented with visual deterioration. Both patients were demonstrated to have Sinus Hypoplasia, Intracranial Hypertension and Pycnodysostosis (SHIHP). The interplay between abnormal venous sinuses and raised intracranial pressure despite an open fontanelle is discussed as well as the management strategies for these patients.
Case 1 History and Presentation
A six-year-old girl, previously diagnosed with PDO at age three, presented with a six-month history of visual deterioration, difficulty in fine motor tasks and non-specific headaches. She suffered with obstructive sleep apnoea and received oxygen via a CPAP machine at night. She had been found to have a constriction between her soft palate and skull base with a high arch palate and overall mid-face hypoplasia. There was no significant family history and she had been born at term by normal vaginal delivery.
Examination revealed visual acuity of 6/7.5 and 6/6 on the right and left respectively. There was papilloedema but no optic atrophy. She was brachycephalic and her anterior fontanelle was open and soft. Height and weight was on the 25th centile and head circumference was on the 50th centile. Neurological examination was otherwise normal.
Investigations CT Head revealed the anterior fontanelle to be open (Figure 1 ), as were the posterior fontanelle and the lambdoid sutures (not shown). The optic canals were normal. 1.5 T MR Brain (GE medical systems, Milwaukee, USA) revealed narrowing of the distal transverse and sigmoid sinuses on venography ( Figure. 2, Figure 3 ) The parenchyma was normal.
A right frontal intraparenchymal pressure monitor revealed several spikes upto 30-40 mm Hg with B waves over a 24 hour period. Visual acuity measured every 2 weeks over a 2 month period revealed no deterioration. However the craniofacial dysmorphism and sleep apnoea needed definitive treatment and thus she was referred on to have craniofacial reconstruction surgery.
Treatment and outcome
The patient went on to have a monobloc advancement and calvarial reconstruction followed by the application of a rigid external distraction frame for 2 months with an excellent cosmetic result in keeping with the literature [4] . Six months after surgery, the headaches and papilloedema have resolved, as has the sleep apnoea. onto
Case 2 History and Presentation
A 30-month-old boy born to consanguineous parents (first cousins) presented with visual deterioration but no headache. He had recently been diagnosed with PDO following a skeletal survey after a clavicle fracture. He was born by caesarean section at term and had a twin sister who was well.
Examination revealed a full non-tense fontanelle with distended scalp veins. Ophthalmological examination revealed bilateral VIth nerve palsy and convergent squint along with papilloedema. His visual acuity was 6/24 on the right and 6/36 on the left. Weight and height were both beneath the bottom centile with head circumference being 47.8cms (on 2nd centile). Investigations CT head (Fig. 4) scan revealed a widely patent anterior fontanelle with the cranial aspect of all the sutures being splayed whereas the sutures close to the base of skull were fused.
1.5 T MR Brain (GE medical systems, Milwaukee, USA) showed a small right transverse sinus with no apparent venous occlusion ( Figure 5 ). The left venous sinus was dominant. The ventricular size was normal.
Due to recent travel history a lumbar puncture was performed under general anaesthesia, which ruled out an infectious cause. However at lumbar puncture, the opening pressure was 31 cm H20. Right frontal ICP monitoring for 24 hours revealed the pressure to be consistently greater than 30 mmHg. 2 weeks later, repeat ophthalmological examination revealed deterioration in the visual acuity to 6/36 bilaterally and we decided to offer a CSF diversion procedure.
Treatment and outcome A right parietal ventriculo-peritoneal shunt was inserted uneventfully with the aid of neuro-navigation. Repeat oph-thalmological assessment at 6 weeks revealed decrement in the papilloedema and visual acuity had improved to 6/18 bilaterally. The head circumference was also reduced to 46.5 cm from the initial 47.8 cm. At 1 year, his vision has improved to 6/12 and he continues to receive calorie supplements to aid growth.
Discussion Pcynodysostosis (PDO) is a rare autosomal recessive disease with less than 200 cases reported in the literature [3] . Its association with raised intracranial pressure has been recognised previously (5) , in the presence of craniosynostosis. However, venous sinus hypoplasia has not been described in patients presenting with PDO and raised intracranial pressure. One would expect an open fontanelle, as was the case with our patients to preclude raised ICP but an open fontanelle may simply buffer and delay the presentation of intracranial hypertension.
Cathepsin K (CTSK) is critical for osteoclast-mediated bone resorption and is highly expressed in osteoclasts [3] . In PDO, the deficiency of CTSK causes abnormal degradation of bone matrix proteins such as type I collagen. In particular, CTSK mutations were found to impair the ability of osteoclasts to degrade collagen rather than demineralize the extracellular matrix [3] . This may contribute to the maldevelopment and constriction of the cranial foraminae. A separate study has also demonstrated altered bony formation due to osteoblastic disturbance in a mouse model deficient in cathepsin K [6] . A combination of the two may lead to a bony constriction in outlets of the cranial vault. This constriction leading to a narrowing of the outflow channel of the sigmoid sinus has been described in syndromic craniosynostois such as Aperts and Crouzon syndrome [7] . At least one of our patients had small foraminae. The other patient had abnormal bone texture around the jugular foramen although the foramina appeared of grossly normal calibre. A complex relation between venous hypertension, raised ICP and CSF dynamics has also been noted in Achondroplasia, another bone disease [7] . Similarly, with the sinuses intimately related to the skull vault, venous sinus formation may be restricted by abnormal bone resorption.
Both our patients had evidence of hypoplastic venous sinuses. Case 1 had bilateral hypoplasia of the transverse and sigmoid sinuses whereas in case 2 the transverse sinus on the left was significantly smaller than the right. A dominant sinus is often seen in the normal population but in the face of raised ICP, assessment of the sinus and its outlet foramen size is required [7] . So does venous hypoplasia lead to a rise in intracranial pressure in PDO patients? In a prospective study by Taylor et al of 23 children with craniosynostosis and raised ICP, 18 of the 23 patients were found to have venous sinus stenosis [8] . Based on their findings, the authors assert that in children with complex forms of craniosynostosis, abnormalities of venous drainage that particularly affect the sigmoidjugular sinus complex produce a state of venous hypertension that, in turn, is responsible for the majority of cases of raised ICP. They also go on to suggest that the gradual development of collateral venous drainage through the stylomastoid plexus and even transosseus routes usually allows for the resolution of the venous hypertension and its effects by approximately age 6. However, our first patient presented at the age of 6 with headaches and visual deterioration thereby suggesting that the underlying mechanism of intracranial hypertension in PDO may not resolve with the development of collateral supply, thus meriting continual vigilance for these patients. It may be that PDO itself stops the development of collateral channels through the skull vault. The mechanism of increased intracranial pressure due to stenosis of the distal portion of the transverse cerebral sinuses has been demonstrated in Idiopathic Intracranial Hypertension (IIH) [9] . Adult patients with IIH have been treated with endovascular stenting with satisfactory results [10] . However in the paediatric population the option of venous stenting must be considered with caution as the stenosis may be transient and should be reserved for the older child [11] .
Early and regular ophthalmological review as with other syndromic craniosynostosis [12] is vital in the assessment of all patients with PDO and our management strategy was certainly guided by the stability of any visual impairment.
Due to the nature of the symptoms, our patients necessitated different treatments. The need to treat the sleep apnoea, a result of our first patient' s craniofacial dysmorphism, led to craniofacial surgery, which dealt with both the headaches and the sleep apnoea. However the second patient had progressive visual deterioration and thus needed an urgent CSF diversion procedure. We would recommend that CSF diversion should be the first option in the face of visual deterioration; otherwise craniofacial reconstruction may be more appropriate, if there is evidence of craniofacial dysmorphism. As a further note, both our patients had small ventricles (Figure 6 ), unlike in other syndromic craniosynostoses [13] , and we would recommend the use of neuro-navigation in the placement of a ventricular catheter.
A 24-hour period of ICP monitoring was adequate for the diagnosis of intracranial hypertension and also serves as a baseline for repeat ICP measurement should the symptoms and signs not settle after initial intervention [13] .
It is important to monitor the patients post-operatively as ventriculomegaly, and consequently hydrocephalus can occur after cranial vault expansion as the original state of venous hypertension will persist despite the vault being expanded and the restrictive effect on the ventricles has also been removed [14] .
Conclusion
The combination of Sinus Hypoplasia and Intracranial Hypertension in Pycnodysostosis (SHIHP) is a new finding. Has the venous sinus stenosis led to the development of the raised pressure in PDO, or is the venous sinus hypoplasia truly due to the increased pressure seen in these patients on the background of abnormal bone morphology? We feel that the sinus hypoplasia contributes to the raised intracranial pressure. The underlying disease process of pycnodysostosis may be the initiating factor in the development of sinus hypoplasia.
Management of these patients requires active communication the ophthalmologist, neurologist, neurosurgeon, radiologist as well as the paediatric rheumatologist. Surgical options include CSF diversion or craniofacial reconstruction although venous stenting may be an option in the face of persistent symptoms.
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